Nuclear division in the apical cells of growing hyphae of Aspergillus nidulans and Alternaria solani occurs in synchronous waves and is closely followed by the deposition of several septa which divide the apical cell approximately in half (King & Alexander, 1969 ; Clutterbuck, 1970 ; Fiddy & Trinci, personal communication). The aim of this paper is to show that this system allows the direct and indirect estimation of the generation time or doubling time (Td) of growing apical cells.
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Nuclear division in the apical cells of growing hyphae of Aspergillus nidulans and Alternaria solani occurs in synchronous waves and is closely followed by the deposition of several septa which divide the apical cell approximately in half (King & Alexander, 1969 ; Clutterbuck, 1970 ; Fiddy & Trinci, personal communication) . The aim of this paper is to show that this system allows the direct and indirect estimation of the generation time or doubling time (Td) of growing apical cells.
Previous results from direct observation of growing hyphae on solid media have allowed the model shown in Fig. I to be constructed. This shows the growth of an apical cell with a radial growth rate of K, (pm h-l), an initial length of A , immediately after septation, and a length of At just before the next septation. The time between successive nuclear divisions and between successive septations will be equal to the generation time (Td). Thus in one generation the apical cell will grow in length by At-A , and, as K, is constant during this time, Thus if K,, At and A , are known, Td can be calculated. The data reported by Clutterbuck (1970) allows the generation time calculated from formula I to be compared with the value obtained by direct observation of successive nuclear divisions or septations. These values, based on an individual hypha, show good agreement (Table I) . A similar analysis of published data for Alternaria solani, based on mean values of K,, A t and A , also shows close agreement (Table I) . Thus a good estimate of T d can be obtained from measurements of the radial growth rate and the difference in length between the longest and shortest apical cells.
This formula can be tested further using data published by Trinci (1969, 197r) . The difference between At and A , can be estimated from the quoted standard deviations, as four times this value will give the range of approximately 95 % of the data. Table I shows estimated values at three temperatures and values for Td obtained by other methods. The Td estimated by formula I is much closer to the germ-tube generation time than to estimates from shake-flask cultures. The analysis of growth in shake-flask cultures often overestimates Td due to pellet formation so the Td estimated from formula I is probably more accurate in spite of the approximations used in the calculations. The unreliability of shake-flask cultures for estimating maximum growth rates is further reinforced if one compares the value of T~ (3.61 h) obtained by direct observation of nuclei at 16 to 18 "C with the value (4-68 h) obtained at 25 "C in shake-flask culture (Table I) . A prediction can be made from this that successive waves of nuclear division in Aspergillus nidulans at 37 "C will take approximately I h. There are obvious parallels between formula I and a formula published by Trinci (1971)
K, = CIW in which c1 is the specific growth rate, and w is the peripheral growth zone, the length of the leading hypha in which cytoplasm actively contributes to tip extension. This formula can be compared directly with formula I by substituting Td for a. Thus K, = aw = log,;! w/Td and
Trinci found good correlation between K , and ccw although it now seems likely, as discussed by Trinci (1g71) , that c~ was underestimated in shake flasks and w was overestimated by the cutting technique used so that two errors gave a closer fit than was actually the case. Formulae I and 3 can be combined and used to estimate w. Using the data in Table I Trinci (1971) . It should be noted that these estimates give the maximum length of the peripheral growth zone and that the minimum value would be 480pm from Trinci's data. Cutting an apical cell approximately 680pm in length will automatically stop growth even if only the first 360 pm length of the hypha is actually contributing to tip extension. Consequently an overestimate of the true peripheral growth zone will be obtained. Trinci ( 1 974) found that hyphal branches reached their maximum growth rate when they were approximately 400 pm long and this may be a more accurate estimate of the peripheral growth zone. It is concluded that the peripheral growth zone has been overestimated by previous workers and that it lies approximately half-way between the shortest and the longest apical cells. As the linear growth of the hypha is constant, the peripheral growth zone must also remain constant. This could be regulated by a sequential plugging of septa proceeding at a constant distance behind the tip of the hypha. Consequently, in short apical cells, compartments behind the apical cell must contribute to growth whereas in the longest apical cells only about 72 7; of the cytoplasm is contributing to tip growth. In these long cells the rear part of the cell would have ceased to contribute to growth before septation occurs. Nishi, Yanagita & Maruyama (1968) have reported that in Aspergillus oryzae nuclei divide more actively in regions nearest to the tip of the apical cell and that it is predominantly the apical cell which contributes to tip growth. Clutterbuck & Roper (1966) observed that apical cells varied from 300 to 600pm in length and concluded that the major contribution to growth came from the apical cells.
The analysis presented here gives a simple method for calculating the generation time and peripheral growth zone from measurements of the radial growth rate of hyphae and the difference in length between the longest and shortest apical cells. Estimates can be compared, if necessary, with the time interval between septations. This method should give an accurate estimate of the maximum growth rate possible under the growth conditions used.
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